Introduction
Matern et al. [1] showed that 70% of the surgeons couldn't operate their medical devices completely error free. Additionally the functionality and complexity of the medical devices in the operating room is increasing. Therefore a careful analysis, based on Reason's Swiss Cheese Model of Accident Causation [2] is necessary to improve the patient safety. Technological competence is a crucial aspect of the risk management, the risk communication, the analysis of the causes of critical incidents as well as of the risk-adjusted training and the customized procurement processes [3] Surgeons are not engineers and therefore they don`t have, in general, the knowledge about the theoretical models beyond the used medical devises. A competent user is absolutely necessary to control the system and to (re)act adequately in critical situations [4] This shows the necessity of an analysis of the impact from the knowledge about technological models and concepts on a safe use of a medical device (i.e. limitations of automation and technology). This knowledge defines the technological competence of the surgeon. The lack of technological competence can lead to known automation consequences, i.e. inadequate trust in automation or inappropriate interaction with medical devices (MD) [i.e. 5].
Methods
The hypothesis is that the technological competence of surgeons is not adequate and therefore specific trainings have to be developed. For the analysis of the technological competence of surgeons the cognitive skills of surgeons for their use of MD have to be analysed. Therefore a Cognitive Task Analysis (CTA) was performed. The CTA is a "[...] set of methods for identifying cognitive skills, or mental demands, needed to perform a task proficiently" [6, p.1618] . As approach for this study the method of Zachary et al. [7] was applied in a modified version. The method includes the following steps:
1.) A priori domain analysis: literature analysis and process analysis (especially of the used MD) of the surgical intervention. 2.) Scenario definition: definition of the participants (i.e. level of expertise). 3.) The non-medical scientists performed many "participatory observations" of spinal (discectomy) and FESS surgeries. The surgeons and their teams were asked to use the think aloud technique to comment each step and the use of the MD during their surgery. 4.) Detailed analytical interviews with clinical experts about the processes and scenarios gathered in step 1-3. The partly structured interviews with a length of 60 -90 minutes included questions about i.e. the usability and learning strategies for the used MD.
The main issue of the performed interviews is the analysis of the technological competence and the identification of requirements for according training for surgeons.
Three German ENT surgeons, three Spanish ENT surgeons and four German spine surgeons were interviewed. The interviews were based on a partly structured guideline by trained interviewers. The results of the interviews were analysed with the software Max QDA.
Results
First of all the workflow of the observed surgeries (FESS, discectomy) was verified with the participating surgeons. It was modified based on the written comments of the surgeons on the workflow, if there were any differences or relevant amendments (especially of the use of MD).
The interviewed German ENT surgeons used always the navigation system for the FESS. The interviewed Spanish surgeons did not always use navigation systems, but they use additionally a microdebrider. The surgeons were also asked to explain how they learned the use of the MD. In general ENT and spinal surgeons were mainly describing the procedure for the learning to use MD as observing, assisting and stepwise taking over responsibility in using the MD. Additionally one spinal surgeon was questioning that every surgeon gets for every medical device an adequate technical introduction.
Furthermore the surgeons were asked about their knowledge concerning the technical concepts of the used MD and if they understand the mode of operation. In particular they were asked about the working principle and the theoretical models (input-effect-chain) of the used MD or if they use them as black box. The spinal surgeons recalled that, for devices they don`t use often, the inputeffect-chain is not always clear and therefore the devices cannot be used in their full functionality. One German ENT surgeon explained that in the beginning of the learning process the understanding of technical concepts was less relevant, it came step by step later (especially for surgical navigation). One ENT surgeon knows explicitly the input-effect-chains of the used MD.
To identify the main issues of possible trainings concerning the different MD necessary for the considered interventions, the surgeons were also asked to rate the usability of these MD explicitly on a five point Likert scale (1= very good; 5= very poor), see Figure  1 . The interviewed surgeons stated the relevance of courses for technological competence for surgical trainer. The interviewed surgeons would like to learn in interactive courses, until they can safely use the MD. For discectomy especially the correct settings of the microscope are relevant. This was recalled as necessary for the training to adequately illuminate the situs. The ENT surgeons emphasized the necessity for complication training, i.e. a short breakdown of the system and wrong registration for navigation. In general a training with the MD outside the OR was seen as very helpful by two ENT surgeons. The Spanish ENT surgeons want especially to improve their skills with surgical navigation systems.
Discussion
In this study the interviews show the need of surgeons, in addition to surgical competence, for training in technological competence. Concrete MD were identified for which the surgeons see the strong necessity for the training in technological competence, even if they see the usability of the most MD as at least good. Nevertheless more information about the input-effect-chain of the MD and complication trainings are wanted by the interviewed surgeons. The technological competence is currently not a part of training for healthcare professionals yet and may be the reason for current ambivalent attitudes toward technology. Due to the small number of participants, the study is not strong representative, but shows sufficiently the current requirements for technological competence training in ENT and spine surgery.
Additionally it is also important to investigate the adequate educational concept to implement an efficient technological competence training based on how technology is currently used by healthcare professionals. An adequate teaching approach can improve the training quality and therefore the patient safety in surgery.
